Human T-cell lymphotropic virus type 1 (HTLV-1) is the aetiological agent of a number of major diseases, such as adult T-cell leukaemia/lymphoma, HTLV-1-associated myelopathy/tropical spastic paraparesis and other inflammatory diseases. In addition, HTLV-1 infection alters the immune response, thereby increasing the risk of acquiring other infectious such as tuberculosis (TB) and strongyloidiasis ([@B10]). This virus is endemic to southwestern Japan, Melanesia, sub-Saharan Africa, the Caribbean islands and some regions of South America ([@B09]). Based on analyses of the HTLV-1 long terminal repeat (LTR) region, seven genetic subtypes have been defined (a-g). The 1a, or Cosmopolitan subtype, is the most widespread ([@B10], [@B09]).

Although HTLV-2 disease outcomes remain poorly defined, HTLV-2 has been associated with neurological disorders and an increased incidence of respiratory infections. This virus is prevalent in native Amerindian populations and is relatively frequent among intravenous drug users in Europe and North America. Three genetic subtypes (a, b and d) of HTLV-2 have been reported based on the nucleotide diversity of their respective LTR regions ([@B23]).

HTLV-1 is associated with increased susceptibility to *Mycobacterium tuberculosis* infection and more severe TB ([@B21], [@B16], [@B03]). Because HTLV-1 and TB may co-exist in patients from endemic areas, co-infection may also influence TB transmission and the epidemiology of the disease ([@B02]). Although HTLV-1 may impact patients with TB, there is little information on the prevalence of HTLV among TB patients in Brazil, one of 22 countries that comprise 82% of all TB cases worldwide ([@B19]). A few studies conducted in the Northeast Region of Brazil have reported high prevalence rates of HTLV-1 among TB patients in the city of Salvador, state of Bahia ([@B18], [@B21], [@B16], [@B02]). However, there is a lack of data on HTLV prevalence among TB patients in other Brazilian regions and HTLV isolates have not been characterised in these patients. Therefore, the aim of the present study was to assess the prevalence of HTLV-1/2 in patients with TB in Central-West Brazil and to genetically characterise their respective isolates.

A cross-sectional study was conducted from April 2008-March 2010 at the Anuar Auad Hospital, the reference hospital for infectious diseases in the city of Goiânia, the capital of the state Goiás, Central-West Brazil. During the present study, this hospital was the main centre for the treatment of TB patients in Goiânia (nearly 70% of TB patients in this city). All patients with a clinical diagnosis of TB who were under treatment at outpatient or inpatient units at the hospital were invited to participate in this study.

TB patients were recruited by physicians, who explained the study objectives and procedures. Written informed consent was obtained from all participants prior to the start of the study. Patients were interviewed to obtain demographic characteristics and identify risk factors associated with HTLV transmission. The protocol used for the present study was approved by the Ethical Committee of the Anuar Auad Tropical Disease Hospital.

Blood was collected (10 mL) from all participants and serum samples were evaluated by ELISA for the presence of HTLV antibodies (anti-HTLV, Murex HTLV-I+II) (Murex Biotech, Dartford, UK). Patients who tested positive for HTLV were also tested for co-infection with human immunodeficiency virus (HIV) (anti-HIV-1.2.0) (Murex Biotech), hepatitis B virus (HBV) (presence of hepatitis B surface antigen, HBsAg, Hepanostika HBsAg Ultra) (BioMérieux, Boxtel, The Netherlands) and hepatitis C virus (HCV) (anti-HCV, Hepanostika Ultra) (Biomedical, Shanghai, China) by ELISA. HIV-positive samples were confirmed by western blot analysis (Bio Rad Laboratories, Marnes La Coquette, France).

DNA was extracted from whole blood samples of HTLV seropositive subjects using the QIAamp DNA Blood Mini kit (Qiagen, Hilden, Germany) according to the manufacturer\'s instructions. Polymerase chain reactions (PCR) targeting the HTLV-1 LTR and *tax* and *orf*-I genes ([@B13], [@B08], [@B11]) and the HTLV-2 LTR and *tax* gene ([@B07]) were performed. PCR products were purified using the QIAamp PCR purification kit (Qiagen) and both strands were directly sequenced with an internal primer set using the Big Dye Terminator v.3.1 Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA, USA) in a 3100 Automated DNA Sequencer (Applied Biosystems).

The HTLV LTR sequences were edited and aligned using BioEdit v5.0.9. (Department of Microbiology, North Carolina State University, NC, USA) and CLUSTALW, respectively. A neighbour-joining (NJ) tree was constructed using PAUP\* software version 4.0. The Hasegawa, Kishino & Yano model with gamma distribution was selected using the Modeltest 3.7 software. The NJ tree was evaluated by bootstrap analysis of 1,000 replicates. Novel nucleotide sequences identified in the present study were deposited in GenBank under the accessions JX184913-JX184924.

Of 425 patients who were invited to take part in the study, 402 (94.6%) agreed to participate. The study population ranged in age from three-86 years (average 44.1 years). Most patients were males (71.9%) and non-white (65.9%). Among adults (≥ 15 years old), 42% were single, 63.5% reported a familial income of US \$300 and 79.8% had received nine years or less of formal education.

Among the 402 TB patients, six (1.49%) were found to be HTLV-1/2 positive by ELISA. Of these, infection was confirmed in five following the detection of the *tax* gene, resulting in an overall HTLV-1/2 prevalence of 1.24% \[95% confidence interval (CI): 0.46-3.05\]. This prevalence was higher than that observed in local blood donors (0.13%; 95% CI: 0.11-0.17) (AG Kozlowski, unpublished observations).

Relative to other data reported in TB patients in Brazil, the prevalence found in this study was within the CI range reported in the city of Fortaleza, state of Ceará (0.66%; 95% CI: 0.17-2.10) in the Northeast Region of Brazil ([@B04]), but lower than that observed in Salvador (4.27-10.83%) ([@B18], [@B21], [@B16], [@B02]), where a population-based study demonstrated a high HTLV-1 infection prevalence (1.76%) ([@B06]).

Four (0.99%) TB patients were infected with HTLV-1 and one (0.25%) patient was infected with HTLV-2. As shown in the Table, the HTLV-1-infected individuals ranged in age from 28-74 years old. Three were males and one was female. All reported unprotected sex with multiple partners (USMP). Of these patients, two reported a history of sexually transmitted infections (STIs) and both were co-infected with HBV. One of these patients was also infected with HIV. No participants reported receiving a blood transfusion. These data are consistent with previously reported findings that sexual transmission is the primary route of HTLV-1 transmission ([@B10]).

The phylogenetic analysis of the HTLV-1 LTR region from three TB patients (TB-83, TB-305 and TB-401) showed that the virus belonged to the Cosmopolitan subtype HTLV-1a Transcontinental subgroup A (A in [Figure](#f01){ref-type="fig"}). In addition, a fourth isolate (TB-152) was also classified as subtype HTLV-1a Transcontinental subgroup A following nucleotide sequence analysis of the *orf*-I gene (data not shown). This HTLV-1 subtype is endemic to all Brazilian regions ([@B17], [@B22], [@B05], [@B14]).

The phylogenetic analysis of the HTLV-2 LTR region (B in [Figure](#f01){ref-type="fig"}) revealed that the HTLV-2 isolate (TB-100) belonged to subtype a (HTLV-2a/c). This is also the most prevalent of the endemic HTLV-2 subtypes in Brazil ([@B12], [@B01], [@B20], Magri et al. 2010, de Oliveira et al. 2012) and corresponds to one cluster within subtype 2a; this cluster was previously called HTLV-2c (Eiraku et al. 1996). It is hypothesised that the presence of HTLV-2 in urban populations is related to intravenous drug use (Alcantara et al. 2003, Novoa et al. 2007, Magri et al. 2010), which could explain the presence of this virus subtype in the studied population. In fact, the HTLV-2-infected individual (45 year old male) reported intravenous drug use. Co-infections with HIV, HBV and HCV were also detected in this patient ([Table](#t01){ref-type="table"}). The risk of these infections is likely linked to common modes of transmission, including parenteral exposure related to the sharing of syringes/needles and other drug-related paraphernalia, which could lead to blood-to-blood contact and risky sexual behaviours, such as USMP and STIs. In addition, secondary risk factors, such as a history of incarceration, should also be considered.

TABLEDemographic data, risk factors, co-infections and human T-cell lymphotropic virus (HTLV) types/subtypes among tuberculosis (TB) patients in Central BrazilHTLV types/subtypesPatientGenderAge (years)Risk factorsCo-infectionsHTLV-1HTLV-2TB-83Male74USMP, STIHBVaA-TB-152Male50USMP-aA-TB-305Female28USMP-aA-TB-401Male56USMP, STIHBV, HIVaA-TB-100Male45IDU, USMP, STI, IHBV, HCV, HIV-a/c[^1]

HTLV may have an important impact on the clinical course of TB. One retrospective study reported that HTLV-1 increased the mortality rate of TB ([@B21]). [@B02]) observed that patients with HTLV-1 infection and TB were more likely to have been previously treated and hospitalised for TB. Although the design of this study did not permit us to observe the impact of HTLV on the clinical course of TB, two HTLV-1/TB co-infected patients (TB-83 and TB-152) had received previous treatment for TB and one (TB-305) was hospitalised due to TB. Therefore, further clinical prospective studies with close follow-up of HTLV/TB co-infected patients are necessary to better understand the influence of HTLV infection on the course of TB.

In conclusion, the prevalence of HTLV-1/2 infections among TB patients in Central-West Brazil was higher than that observed in local blood donors. The HTLV-1 and 2 subtypes identified in the studied population are consistent with those circulating in Brazil.
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[^1]: HBV: hepatitis B virus; HCV: hepatitis C virus; HIV: human immunodeficiency virus; I: incarceration; IDU: intravenous drug use; STI: sexually transmitted infections; USMP: unprotected sex with multiple partners.
